Abstract Pain is the most common reason patients with inflammatory arthritis see a rheumatologist. Patients consistently rate pain as one of their highest priorities, and pain is the single most important determinant of patient global assessment of disease activity. Although pain is commonly interpreted as a marker of inflammation, the correlation between pain intensity and measures of peripheral inflammation is imperfect. The prevalence of chronic, non-inflammatory pain syndromes such as fibromyalgia is higher among patients with inflammatory arthritis than in the general population. Inflammatory arthritis patients with fibromyalgia have higher measures of disease activity and lower quality of life than inflammatory patients who do not have fibromyalgia. This review article focuses on current literature involving the effects of pain on disease assessment and quality of life for patients with inflammatory arthritis. It also reviews nonpharmacologic and pharmacologic options for treatment of pain for patients with inflammatory arthritis, focusing on the implications of comorbidities and concurrent diseasemodifying antirheumatic drug therapy. Although several studies have examined the effects of reducing inflammation for patients with inflammatory arthritis, very few clinical trials have examined the safety and efficacy of treatment directed specifically towards pain pathways. Most studies have been small, have focused on rheumatoid arthritis or mixed populations (e.g., rheumatoid arthritis plus osteoarthritis), and have been at high risk of bias. Larger, longitudinal studies are needed to examine the mechanisms of pain in inflammatory arthritis and to determine the safety and efficacy of analgesic medications in this specific patient population.
Introduction
Chronic pain affects 116 million people, more than the total affected by diabetes, heart disease, and cancer [1] . In the United States, the cost of pain, because of lost productivity and treatment costs, exceeds 635 billion dollars per year [1] . Pain is the primary reason patients with inflammatory arthritis seek rheumatologic care. Among rheumatoid arthritis (RA) patients, 68-88 % rate pain as one of their top three priorities, and 90 % rate pain as one of their top three priorities [2, 3] . The American College of Rheumatology Pain Management Task Force recently proclaimed that "pain is probably the most important patient-reported outcome in rheumatology" [4••] .
Inflammatory, Peripheral Pain
Historically, pain among patients with inflammatory arthritis has been attributed to peripheral inflammation. Treatment with disease-modifying antirheumatic drugs (DMARDs) is effective in reducing inflammatory pain symptoms, with mean pain visual analog scores (VAS 0-100) decreasing approximately 20-40 points in clinical trials of new biologic agents, for example tocilizumab, and in clinical trials focusing on early inflammatory rheumatoid arthritis patients [5] .
Non-inflammatory, Central Pain
Despite effective DMARD therapy, however, observational studies of inflammatory arthritis indicate that many patients continue to suffer from moderate pain [6] . In a recent study of RA patients in inflammatory disease remission (disease activity score in 28 joints (DAS28)<2.6), the prevalence of clinically significant pain (pain numeric rating score≥4) was 12 % [7] . These findings are indicative of a non-inflammatory pain component, for example structural joint damage, pain from other etiologies, and/or dysregulation of central pain regulatory mechanisms, as occurs in chronic widespread pain states, for example fibromyalgia.
One of the most common sites for non-inflammatory pain is the back. Few studies have examined the prevalence of back pain in RA patients [8, 9] . In a study of 1076 RA patients and 1491 community controls, Neva et al. reported that the prevalence of chronic back pain was 19 % among RA patients and 25 % among controls [10] . These results suggest that, although chronic back pain is common among RA patients, it is not more prevalent among RA patients than healthy controls.
In contrast, the prevalence of widespread, noninflammatory conditions, for example fibromyalgia, is significantly higher in RA than in the general population. Thirteen to 25 % of RA patients have fibromyalgia, and an additional 7-15 % have chronic widespread pain that does not meet criteria for fibromyalgia [11] [12] [13] . In a study of 1,487 early inflammatory arthritis patients in the Canadian early arthritis cohort (CATCH), the incidence of fibromyalgia was highest during the year after inflammatory arthritis diagnosis, with cumulative incidence of 6.77 per 100 person years [14] . Predictors of fibromyalgia included high pain severity, poor mental health, and the absence of cyclic citrullinated peptide antibodies. This study suggests that the development of chronic, non-inflammatory pain occurs early in the course of the disease, and moderate to severe pain may induce central nervous system sensitization, which has been associated with chronic widespread pain states [15] [16] [17] [18] .
The mechanisms of development of chronic widespread pain in inflammatory arthritis patients are not well understood [19] . Studies of experimental pain sensitivity have shown that pressure pain thresholds (the pressures which elicit pain) are lower in RA patients than healthy controls [20, 21] . These thresholds are lower at joint and non-joint sites, suggesting that alterations in central pain regulatory mechanisms, for example loss of conditioned pain modulation and central sensitization, may mediate widespread pain in RA (Fig. 1) . Loss of conditioned pain modulation is impairment of the descending opioidergic and/or serotonergic-noradrenergic pathways that normally induce analgesia [22, 23] , whereas central sensitization is defined as heightened excitability of the central nervous system neurons transmitting pain. Loss of conditioned pain modulation is attenuated or absent in patients with chronic non-inflammatory pain conditios, for example fibromyalgia, irritable bowel syndrome and osteoarthritis, whereas central sensitization is enhanced. [18, 24, 25] . Studies are in progress to elucidate their involvement in inflammatory arthritis.
Effect of Pain on Disease Assessment
Two recent manuscripts have reported that pain significantly affects patient assessment of RA disease activity. The first study included 7,028 RA patients from the Quantitative Standard Monitoring of Patients with RA (QUEST-RA) database [26] . These patients were from 83 sites across 30 countries, receiving "usual care" from their rheumatologists. In this cohort, pain was the single most important determinant of patient global assessment, with a partial R 2 >0.2 whereas the partial R 2 for all other potential determinants was less than 0.05. The second study included 646 RA patients starting methotrexate treatment at an academic outpatient clinic. Similar to the QUEST-RA study, this study concluded that pain was the major determinant of patient global assessment scores, explaining 75.6 % of the variability in scores [27•] .
Although pain contributes less to physician global assessment than patient global assessment, it remains one of the top predictors of physician global assessment. In the QUEST-RA study, pain followed swollen joint count, erythrocyte sedimentation rate, and tender joint count, as the fourth most important determinant of physician global assessment [26] . Among the 646 RA patients starting methotrexate treatment, pain was second only to swollen joint count as the most important predictor of physician global assessment [27•] . Pain was also one of the most significant predictors of discordance between patient and physician global assessment score in both studies, highlighting the importance of pain in patients' "disease experience" and suggest that physicians should better assess the effect of pain on their patients' lives.
Effect of Chronic Widespread Pain Conditions on Disease Assessment
Pain, however, does not necessarily equate with heightened inflammatory disease activity. Several cross-sectional studies have indicated that the presence of widespread pain conditions, for example fibromyalgia, significantly inflates assessment of RA disease activity. Using the 1990 ACR classification criteria for fibromyalgia to categorize 32 RA patients with fibromyalgia and 238 RA patients without fibromyalgia, Ranzolin et al. noted that the DAS28 score was significantly higher among patients with RA and fibromyalgia than among those with RA only (mean 5.36 vs. 4.03; P<0.001) [11] . These associations persisted after adjustment for inflammatory disease variables, for example ESR and swollen joint count. Measures of functional status and quality of life, for example the Health Assessment Questionnaire (HAQ) and the Medical Outcomes Study Short Form 36 (SF-36) were also significantly worse among RA patients with fibromyalgia than among those with RA only. On the basis of these findings, the authors concluded that disease activity measures may be artificially inflated among RA patients with concomitant fibromyalgia.
Using tender point counts to characterize RA patients with and without fibromyalgia, Pollard et al. obtained similar results [28] . RA patients with ≥11 tender points had higher DAS28 scores than other RA patients (mean 6.0 vs. 4.3). Although these groups had the same mean number of swollen joints, RA patients with ≥11 tender points had significantly higher tender joint counts (mean 17 vs. 6) and patient global assessment scores (mean 66 vs. 40). These results suggest that RA patients with fibromyalgia may have higher disease activity measurements because they report greater pain.
To more fully examine the range of tender point scores, Ton et al. categorized 200 RA patients into four groups: 0 tender points, 1-5 tender points, 6-10 tender points, and ≥11 tender points [29] . The distribution was skewed to the right, with 73 % of RA patients having ≤5 tender points. DAS28 scores increased as tender point count increased, even among RA patients who did not meet the ≥11 tender point count threshold for the 1990 ACR classification of fibromyalgia [30] . In analysis involving the individual components of the DAS28, the correlation between tender point count and specific disease activity measures was highest for subjective measures, specifically the tender joint count (r00.37, P<0.0001) and the patient global assessment (r00.29, P<0.0001). These results indicate that, even among patients who do not meet the 1990 ACR tender point criteria for RA, enhanced pain sensitivity is associated with elevated subjective assessment of disease activity.
Similar results were noted in a study by Pollard et al. which used pressure pain thresholds to characterize pain sensitivity in 105 RA patients. The authors reported significant inverse associations between pressure pain thresholds and tender joint count and patient global assessment, but not swollen joint count, in unadjusted analyses [31] . Because of strong collinearity with tender point count, tender joint count and patient global assessment were not included in multivariable analyses. Thus, no conclusions could be made regarding the independent association between these variables and pressure pain thresholds.
Despite differences in the characterization of fibromyalgia, these studies all yielded similar results, showing that the presence of enhanced pain sensitivity and/or concomitant fibromyalgia inflates RA disease assessment, particularly when using subjective measures (e.g., tender joint count, patient global assessment) or composite measures that include subjective components (e.g., DAS28). Collectively, these results suggest that physicians should carefully consider the effect of fibromyalgia on disease assessment measures when evaluating inflammatory arthritis disease activity.
Effect of Pain on Patient-Reported Outcomes and Quality of Life
Beyond its effect on measures of disease activity, pain is also strongly associated with other patient-reported outcomes and quality of life. In a Finnish study of 1,076 adult RA patients, Neva et al. reported that RA patients with Fig. 1 Central pain regulatory mechanisms may mediate pain sensitivity in inflammatory arthritis via loss of conditioned pain modulation and/or central sensitization. Loss of conditioned pain modulation occurs when the descending analgesic pathways are absent or attenuated. Central sensitization occurs as a result of enhanced glutamate sensitivity chronic low back pain had significantly lower scores on the HAQ, a self-report measure of disability [10] . Similar results have been noted in children with juvenile inflammatory arthritis. In a cross-sectional analysis of 152 juvenile inflammatory arthritis patients in The Netherlands, pain was significantly associated with overall health-related quality of life, and with specific measures of physical and emotional functioning in models adjusted for age, disease activity, medication use, body mass index, parental education, and school attendance [32] . These studies reveal the overall effect of pain on patients' daily lives, irrespective of age and other sociodemographic and disease-related factors.
Several studies have more specifically examined the effects of pain on patients' emotional health. In a large, combined analysis of 11,223 RA patients from the National Data Bank for Rheumatic Diseases and 4,059 RA patients from the Swiss Quality Management Program for Rheumatoid Arthritis, Courvoisier et al. used a latent state-trait model to assess the contribution of pain to overall emotional health and emotional health divided into a stable component (state) and a variable component (trait), reflecting emotional fluctuations at the time of measurement [33] . In this model, pain was the most significant contributor to overall emotional health, accounting for 44 % of the observed variance in total mental component summary scores of the SF-36. When the state and trait components were assessed separately, pain accounted for 60 % of the observed variance in the stable component of mental component summary scores and 5 % of the observed variance in the variable component of mental component summary scores. These results suggest that pain has a significant effect on long-term emotional health, beyond day-to-day fluctuations.
In a longitudinal analysis examining the directionality of associations between pain and depression, Husted et al. followed 394 psoriatic arthritis patients annually over a mean of 7.5 years [34] . A linear mixed effects modeling approach revealed that the most significant predictors of pain and depression were the corresponding scores at the previous visit. However, even after controlling for these associations, there were statistically significant cross-variable associations between pain and depression, indicating that pain predicts depression and vice versa. These results suggest that effective management strategies should be directed at both symptoms when they co-exist in inflammatory arthritis patients.
Similar to the relationship between pain and depression, pain and sleep disturbance are also intricately intertwined. We have previously shown that pressure pain thresholds at joint and non-joint sites are associated with sleep problems among RA patients [35] . In a cross-sectional study involving surveys mailed to 115 juvenile inflammatory arthritis patients and 40 juvenile dermatomyositis patients, Butbul Aviel et al. also noted that pain intensity within the last week was significantly correlated with sleep disturbance [36] . However, because of the cross-sectional design, causality could not be assessed. By use of mediation analysis, Nicassio et al. identified pathways between pain and sleep disturbance in a cross-sectional cohort of 106 RA patients [37] . In one pathway, depression mediated the relationship between pain and sleep disturbance. In a separate, independent pathway, pain was directly associated with sleep problems. However, this study was also limited by the cross-sectional design, and no conclusions could be made regarding the directionality of effects. In a follow-up study, these investigators examined the effects of sleep deprivation on pain, depression, and anxiety in RA patients compared with healthy controls [38] . After partial night-sleep deprivation, RA patients had greater increases in the severity of pain, depression, and anxiety than controls, indicating that sleep disturbance increased pain and emotional distress. Together, these results suggest that, similar to the relationship between pain and depression, the relationship between pain and sleep is bidirectional and complex.
Non-pharmacologic Treatment of Pain
Although the development of immunosuppressive medications targeted at specific inflammatory pathways has increased substantially in the past two decades, relatively little research has focused on the treatment of pain in inflammatory arthritis. Given the associations between pain, sleep disturbance, and emotional health, it is plausible that improving emotional health may improve pain symptoms. In a meta-analysis of 27 randomized controlled trials of face-to-face psychological intervention (e.g., cognitive behavioral therapy, patient education, stress management), Knittle et al. determined that psychological intervention was associated with significant improvements in pain, depression, and physical activity among RA patients [39] . These authors subsequently reported that the effects of self-efficacy on reducing pain were mediated by achievement of physical activity objectives [40] . Together, these studies indicate that physicians should consider cognitive behavioral therapy and self-management programs to help inflammatory arthritis patients improve self-efficacy, enhance physical activity, and reduce pain.
Pharmacologic Treatment of Pain
The 3e (evidence, expertise, exchange) initiative, a 17-nation collaboration that promotes evidence-based practice in rheumatology, recently published recommendations for pharmacologic pain management for inflammatory arthritis patients [41••] . The authors highlighted six factors to consider when making a decision regarding pharmacologic pain management:
1. type of pain; 2. type of inflammatory arthritis; 3. the presence of residual inflammation; 4. comorbidities; 5. patient preference; and 6. the addictive potential of the medication and the patient.
The main treatment options included:
1. non-steroidal anti-inflammatory drugs (NSAIDs) and acetaminophen as first line therapy; 2. NSAIDs+acetaminophen or an alternative NSAID second line therapy; and 3. weak opioids when NSAIDs and acetaminophen have failed or are contraindicated ( Table 1 ).
The authors also advocated the use of adjuvant therapy, for example tricyclic antidepressants and neuro-modulators, when appropriate. Of note, the authors specifically advised against the use of systemic glucocorticoids to treat pain in inflammatory arthritis patients who did not have signs or symptoms of active inflammation. No data exist regarding the use of systemic glucocorticoids for pain, whereas substantial data exist regarding the adverse effects of glucocorticoids [42] .
Many of the 3e recommendations were based upon a series of Cochrane Database Systematic Reviews, published in 2011-2012, regarding pain management in inflammatory arthritis and, more specifically, RA. A systematic review of 11 randomized or quasi-randomized controlled trials comparing opioids with placebo or an active analgesic agent concluded there was weak evidence for use of weak opioids (codeine, dextropropoxyphene, pentazosine, tilidine, tramadol) for RA patients [43] . However, side effects, such as constipation, dizziness, nausea, and vomiting, were common. The risk ratio for study withdrawal because of side effects was 2.7 among participants taking opioids compared with those on placebo. In addition to these adverse effects, opioid use may also lead to opioid-induced hyperalgesia, which is associated with heightened pain sensitivity and increased clinical pain intensity. Given these effects, it is generally recommended that long-term opioid prescriptions be minimized and, when opioids are necessary, use should be regularly and judiciously monitored [44] .
A Cochrane systematic review also found weak evidence for the use of neuromodulators in the treatment of pain in RA [45] . This review, however, included only four small, randomized controlled trials. Two trials compared nefopam, a centrally-acting analgesic used in Europe (but not the United States), with placebo. One trial compared topical capsaicin with placebo, and one study compared oromucosal cannabis with placebo. The authors concluded that topical capsaicin could be regarded as adjuvant therapy for pain for RA patients. However, because of the side effect profiles of nefopam (nausea, sweating) and cannabis (dizziness, dry mouth, light headedness), the authors did not recommend use of these agents. Of note, this review did not identify any randomized controlled trials of gabapentin or pregabalin, neuromodulators commonly used to treat pain in the United States, for pain in RA. On the basis of the 3e recommendations, gabapentin and pregabalin are included as potential adjuvant treatment options for pain in inflammatory arthritis. These recommendations are mainly based on their efficacy in studies of pain in fibromyalgia, a non-inflammatory, chronic widespread pain condition [41••, 46-48] .
The use of antidepressants as analgesic therapy in inflammatory arthritis remains controversial. A Cochrane systematic review of eight randomized controlled trials comparing antidepressant therapy with placebo or an active intervention found insufficient evidence to advocate the use of antidepressants to treat pain in RA [49] , whereas the 3e recommendations include antidepressants, specifically tricyclic antidepressants, as a potential adjuvant treatment for pain patients with inflammatory arthritis [41••] . However, the 3e investigators specifically note that these medications should only be considered for a subset of patients (not all patients with pain), stating very clearly that the data remain unclear.
Neither expert opinion from the 3e initiative nor combined data from a Cochrane systematic review supported the use of muscle relaxants to treat the pain of inflammatory arthritis patients [41••, 50] . Most studies included in the review were small, short-term (≤2 week) studies of benzodiazepines. Compared with placebo, muscle relaxants were significantly associated with an increased risk of adverse effects, particularly drowsiness and dizziness. The number needed to harm was 3 (95 % confidence interval 2-7). The use of combination therapy to treat pain in inflammatory arthritis has not been well-studied. A Cochrane systematic review recently summarized the existing literature, but a meta-analysis was not performed because of substantial heterogeneity among studies [51] . Eighteen of 23 studies reported no significant difference in a standardized pain outcome between monotherapy and combination therapy groups. However, the generalizability of these results was unclear. Almost all studies were performed before 1990. Most of the subjects were not taking any disease-modifying antirheumatic drugs (DMARDs), and no subjects were taking biologic DMARDs. Based largely on expert opinion, the 3e initiative supported the use of combination therapy to treat pain among inflammatory arthritis patients who did not achieve adequate response to monotherapy [41••] . However, because of increased risk of side effects, the 3e investigators warned against the concomitant use of two drugs with the same mechanism of action. New studies are needed to investigate the use of combination analgesic therapy to treat pain in patients with inflammatory arthritis.
Few studies have examined the use of pain medications among inflammatory arthritis patients with medical comorbidities. A Cochrane systematic review found no studies that met inclusion criteria to assess the safety and efficacy of analgesic medications among RA patients with renal or cardiovascular comorbidities [52] . A Cochrane review examining the safety and efficacy of analgesic medications among inflammatory arthritis patients with gastrointestinal and/or hepatic comorbidities identified only one study that fulfilled inclusion criteria [53] . This small study (N058), published in 1975, concluded that naproxen, at doses of 500 to 750 mg daily, was safe for patients with gastrointestinal and hepatic comorbidities [54] . However, none of the study participants were using modern DMARDs. Results from more recent studies of other patient populations (e.g., osteoarthritis, combination of rheumatic conditions) were indicative of increased risk of gastrointestinal side effects among patients with a history of gastrointestinal comorbidity, treated with NSAIDs [55, 56] . Ultimately, the Cochrane review concluded there was "scant evidence" of appropriate use of pain medications by patients with inflammatory arthritis and gastrointestinal and hepatic comorbidities.
Studies to examine the safety of analgesics among patients taking DMARDs are particularly needed, because many common DMARDs have adverse effects that may be potentiated by specific analgesic medications. A Cochrane systematic review examining the safety of NSAIDs among inflammatory arthritis patients concluded that the use of NSAIDs with methotrexate was generally safe when appropriate monitoring was performed [57] . However, the use of high-dose aspirin (e.g., 2 g daily) was associated with increased risk of kidney and liver toxicity.
Conclusions
Pain is a significant problem among patients with inflammatory arthritis. It affects disease assessment measures and quality of life. Peripheral inflammation is one common cause of pain in inflammatory arthritis, but other factors, including noninflammatory central pain mechanisms, may also contribute to the pain experience. Larger, longitudinal studies, involving quantitative sensory testing and functional neuroimaging, are needed to elucidate the involvement of central pain mechanisms in inflammatory arthritis. It will also be important to determine whether these mechanisms differ depending on the type of inflammatory arthritis. Thus far, most studies have focused on RA and very few studies have examined the effects of pain in other types of inflammatory arthritis.
Although the treatment of pain in inflammatory arthritis has historically focused on reducing inflammation via DMARD therapy, more attention has recently been directed towards treating pain itself. Few studies have examined nonpharmacologic intervention for pain in inflammatory arthritis, although studies in non-inflammatory pain conditions, for example fibromyalgia, have produced impressive results. Several systematic reviews of pharmacologic treatments for pain in inflammatory arthritis have been attempted. However, these reviews only identified a small number of studies that examined the safety and efficacy of analgesic pain medications in this patient population. Many of these studies were small and at high risk of bias. Many included data from studies that were performed before modern DMARDs were available. Randomized clinical trials and/or large, well-controlled observational cohort studies are critically needed to determine the effects of both non-pharmacologic arthritis and adjuvant pharmacologic treatment for pain in inflammatory arthritis.
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